A series of LaFe 1−x Ti x O 3 (x=0.0, 0.2, 0.4, 0.6 and 0.8) nanoparticles have been successfully synthesized by simple co-precipitation technique. The synthesized samples (calcined at 800° C/3hr) were characterised for structural, optical and magnetic properties.
Introduction
The magnetic nanomaterial is a promising candidate material, due to co-existing states of multiple coupled such as magnetism and superconductivity [1] [2] [3] [4] [5] [6] [7] [8] [9] . Lanthanum iron oxide (LaFeO 3 ) is an ABO 3 perovskite oxide having an orthorhombic structure [10] [11] [12] [13] . It has attracted attention for distinct applications such as electrode materials for fuel cells, photocatalyst, chemical sensors, non-volatile magnetic memory devices and ultrasensitive magnetic read heads of modern hard disk drives, etc. [14] [15] [16] [17] [18] [19] [20] [21] .
Recently, LaFeO 3 (LFO) has got much attention owing to its multiferroicity [22] . It is a Gtype antiferromagnetic material possessing high Neel temperature (T N ) of 480  C. Also shows a ferroelectric transition at 200  C [21, 22] . Orthoferrites are the weak ferromagnetic materials with interesting magneto-optical properties [23, 24] . The magnetic structure is illustrated by two face centred cubic sub-lattices. In this structure, each ferric ion (Fe 3+ ) is surrounded by six oxygen ions (O 2- ) attributing a collinear arrangement of A and B-lattices. It gives rise to antiferromagnetic ordering. However, BO 6 octahedra are titled to different degrees based on the diameter of the cation at A-site and show a net magnetic moment [25, 26] . Nano-sized LFO exhibits higher specific surface area (S) than its bulk counterpart, due to quantum size effect [21] . It allows various dopants to accommodate in its structure and therefore, the properties can be tuned based on the kind of dopant [27] . Preferential occupation of A-site or B-sites by the doping element can also influence the electrical, optical and magnetic properties of LFO up to some extent [28] . In the literature, no detailed report is available on the optical and magnetic properties of substitution on B site by Ti ions using coprecipitation method. Hence, Nanocrystalline LaFe 1−x Ti x O 3 powders have been prepared for investigating structural, optical and magnetic properties using X-ray diffraction (XRD), energy dispersive X-ray analysis (EDX), transmission electron microscopy (TEM), UVVisible spectrometer, Fourier transform infrared (FT-IR) spectrometer and vibrating sample magnetometer (VSM) respectively.
Experimental procedure:
LaFe isopropoxide in 50 ml) were dissolved in double distilled water with a constant stirring. The neutralization is carried out by adding the NaOH solution, and the pH is maintained around at 10. The precipitation is formed when the solution continued stirring for 3 hrs at 80 C; then the resultant precipitate is cooled to ambient temperature. To remove the additional compounds of sodium and chloride, the precipitate is washed and filtered several times with double distilled water. To remove the water molecules, the precipitate was dried at 100 C for 12 hrs. The dried sample was fluffy mass in appearance that is grinded for 2 hrs using the motor pestle apparatus and the resulting powder was sintered for 3hrs at 800 C. After sintering, the sample was once again grinded for 4 hrs to make uniform particle size. The average diameter (D) of the sample is evaluated for the intense peak positions using Scherrer's formula [29] :
Where 'k' is a constant and is approximate equals to 0.9 for a spherical symmetry, 'λ' is Xray wavelength of Cu Kα = 1.5418 Å, 'θ' is diffraction angle and 'β' is full-width half maxima (FWHM).
The established results revealed that the crystallite size is decreasing with the increase of Ti content and found to be varying between ~ 9 -26 nm. Respectively, similar kind of trend was reported [21] . This behaviour is attributed owing to weakening crystal growth or an increase of elastic strain (ε = β/4tanθ) by Ti-addition. From Table 1 , it is evident that ε -value is increasing from 3510 -4 to 26  10 -3 . The lattice constants (a, b &c) calculated using the formula:
Where 'd' is interplanar spacing distances and hkl are the Miller indices. These are computed using X-powder -12 software. The obtained data is shown in Table 1 [21] . It is remembered that perovskite materials perform a stable structure depending upon their tolerance factor (t) and is mathematically given by
Where R A , R B and R O are ionic radii of A-site, B-site and oxygen ions respectively. For a stable orthorhombic structure t <0.96 [30] . 
Surface Morphology
Surface morphology and elemental analysis of nanoparticles are carried out using scanning electron microscope (SEM) and energy dispersive x-ray analysis (EDAX). In SEM photographs (Fig. 2) show the particle grain size around 39 -77 nm grains were detected.
This confirms the formation of well nanocrystalline grains during the heat treatment. The surface morphology and structure of LFTO is investigated by TEM and selected area electron diffraction (SAED) patterns respectively (Fig. 4) . TEM photograph (x = 0.2) shows a small agglomeration among the nanoparticles. This is due to weak magnetic interactions between the particles [17] . 
UV-Visible absorption spectra
UV-Visible spectroscopy is employed to characterise the optical properties of the LFTO nanoparticles. The direct band gap energy (E g ) was determined by fitting the absorption data to the direct transition as the equation is αhν = A (hν-E g ) 1/2 , where α is the optical absorption coefficient, hν is the photon energy, E g is the direct band gap, and A is constant. The extrapolation of the linear parts of the curves toward absorption equal to zero gives E g for direct transitions (Fig. 6) . The estimated direct band gaps of all samples are in the range of 2.05, 2.15, 2.39, 2.45 and 2.61 eV [30] . The results are in consistent with the reported direct bandgap value of LaFeO 3 nanoparticles synthesised by sol-gel autocombustion method is 2.1 eV [34] [35] [36] . These small band gaps of LaFeO 3 are interesting for application in photocatalytic [37] . vibrating sample magnetometer at room temperature (RT) varying the applied magnetic field (H) during the range of0 to ±15 kOe (Fig. 8) . From hysteresis loop behaviour it is confirmed that the nanopowders exhibit weak ferromagnetic nature having a small M-H loop. This may be due to spin-canted iron moments generated from disordered surface spins [21] . The magnetic parameters are reported in Table 2 . It can be seen from the table that magnetisation [39] . However, in this investigation, a proportional relation is established. According to Stoner-Wohlfarth model [39] , for a weak ferromagnetic single domain particle, H c decreases as the particle size decreases due to a decrease of magnetic moment and anisotropy constant [40] [41] [42] [43] . Retentivity M r (emu) 542.9x10 -6 747.2x10 -6 339.6x10 -6 264.5x10 -6 127.7x10 
